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The telemetry of oceanographic data has receLved o-.•h attention of

•lte as techniques and equipment have bcoo= available. ?bst of his attmtio-

has been directed toward general principles, however, with little o°.oo of

system details. Mch of the equ•i•snt wbich has been developed In other fields

is applicable here but toere are eone factors that are unique to oceanography.

Among these are - a highly corrosive enviroonent, extremely high prcssur-s

at so transdcer locations and the necessity for tranewitting data along L

road which met also serve as a moorin. The latter problem is treated i1 deta!

in saother report, but It should be noted here that it is generally desirable

to place the power required b7 a tranducer at the transducer location for the

practical reason that power transmission 0-.: two Miles of wire &. extremely

inefficient.

The measurement of ocean currents btomes uch wr* feasible when a

sead-per-a-ent station cam be sat cut in the desired area and interrogated from

sbore wh-en phenonena of intcrest are expected to occur. One nay klow imm stel

whether or not the system is operating -orrectly and if the phcowemon is preset

In this way the current raters need not be worked continuously but only when

socething of inLerest is taking place. And should the ncoritg be lost the

acc:umlated data Is not lost with it.

The current mater described in this article is a direct descendent of

line of curr-nt meters dftweloped, tested, and used over tta past 2 1/2 years

by Dr. V. S. lichardson at Woods Pole Oceanographic Institution. because the

requlremmts tot cats telemetry &tr entirely aitferent from those of data storal
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the itttr-nz work'ings of the telmetering instrument are qu.ite different from

t2hoe, ol tr2 rez rdiag -nst--ects. The transducer systems tcocqpacs, ieee and

rotor assemblies).* however, are almost identical. Advantage wab taken,, whatever

poesible, of housing and construction techniques and components developed by

Dr. Richardson . Therefore the only "debugging" required in tae system was

related to the electronics ine the cu rent meter, the calibrat' n of the

g trarsducers having been completely worked out. The Richardson current. neter

It Jescribo Ln WWI Reference No. 62-1. Figure 12 shows the Savonius rotor

calibration.

Mhe current netert Itself is shown in Figure I with components of

the various hays indicated. Figuire 2 is the circuit diagram. The current neters

-ae :.laced Ii, a noerir*, either on conducting cable or polypropylene rope

fitted with conductors. Alternatively the current neter may b~e used aboard

ship by lowering to desired depth on conducting line. tn the latter ca&be one

would put the electricsl output of the current. erers directly on a strip chart

recorder such as a portable Sanborn. 11hen the current iecters are used in a

mooring the electrical output is fed tv -he Input circuttry aboard the buoy

and transoitted to shore.

As in the 21-hardson ceter the speed is determined by the nuniber of

rewolutions per unit tine of a Savomius rotor. The information is coupled

through the aluminum end cap by means of two strong, teflon coated, her magnets

(such as those used for stirring by chemists) wh.ich dr~re : egnetiec sutur

follower. The rotor follover is shown im F.Curt 3. The follower cagnets

o-e affix-rd to one end of an alumnumm cylinder which rid"s oz carblilt and

spp~bIre hearings. A small light bulb is plae-4 inuide thc cylinedr at tý
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top end and the photran looks through h bole in the rotor follower case.

Wihen this bole lines up with a hole in the rotating Ilalni:m cylinder the

photran "sees" the light bulb and puts out a pulse. These pulses are stored

in a seven level "flip flop' counter until read out. Figure 4 shows the rotor

follower and associated circuitry and Figure 5 s.ovs the flip-flop board.

The current direction is determined from the difference betuwen the

positions of a magnetic coo-pass, which registers the orientation of the

instrument housing and a vane which gives the bearing of the current re:ative

to the housing. both the magnetic coopass end magnetically counled vane

follower drive seven level Gray binary discs. Toe position of these discs

is determined in each unit by a radial lIne of seven "light pipes" which look

through the disc at a flash tube =Duated Inside tw onics and activate photran

when they see light. The phorrxls (,evec .- ,c :Lzs ri.'c.as and varre follover)

are PIU light triggered svitcbee vkehib (lik.. ull fl'? rtclitches) hitys an

inherent binary miry. They ere coonected fa the civtIt as shown In Figure 2

so thit if their particular charmel in the Gray binary disc is clear they sLe

l-.t*zt ;4 trigger giving an output signal of plus 7.5 volts. If the Crs-y disc

e, •bhoys black the particular photran output is maius 7.? volte. A typical

;rr coded ds c is 1:::, in Figgre 10. The flip-flopi are powered in a sl•-let

m&=er giving e~tber 'r. ,'r --ninu outputs to that at no tisse is a zero aignal

used to cormy .f-rietion - plus aignals nean binary zeros 1-J minus signals

netn bMost7 :.v-s, s'ire 6 shows the compass and Figure 7 the vane follower.

A' s (%:ss bits ace fed in proper order to the scan switch shown

In Figures 8 end 9. This unit al1 contsint rhe =.s and alcrosvitchee vhzLch

ccatrol the rb..trn c'rcult powe, the flash tube trigger zircuit drcve motor

power and Sbockley power. The system operates as follcws:

-"4



1. lterragite buoy irte. *bore hbase. cranesmiter (neousL 2r autmaetic)

Duoy automatically pro;;rgv rezro¶.ndar of cyc*,.e

2. Buoy sends a -24 volt O.C- sinal 4&qm the hOCn to all current ceterg in

the mioring (curtenI. maters-ae electrice-lly i-i parallel -nechenically in

serles. Il hs n..x of -. teiet neters is Li~ited only by practical can-

sideratiOna).

3. The -24 VDC signal trigger& the Shoc',.e2' diode Sb 2 in the lockup circuit

activatig 1R' 1 which in turn erttvate" !1_:. This& relay sup-pliat the

pover (3 voltages) ;=d aiuts..la rese.t puls*, to -b2- llsrn-n Xardez

flip flop (IF) board zo that the rotor counts Ma be stored.

4. The -24 VDC sIgna also trig&,%rx tht transixtor switch TX Ln 'he rotor

lite circuit so that the rotor revolutions are soca 1., the Fl& tritfer photran

fh 1 as lite pulses through a owgetically coupled lite chopper. As the

Sevoucus, rotor spins the lite pulses are converted by Ph I to electrical pulses

whihch store in the IV board via a Schmitt trigger. The IV hoard contains

seven flip flops allowing a atzzlzm count of 127 pulses. Separate Magnetic

its choppers have been made that supply from 6 pulses per rotor revolution

to I pulse per 10 rotor revolctions so that the total counts in the count

interval may be made to fall in a range consistent with efficient ust of the

counting circuit.

5. The -24. VDC signal .a chmomoetrically controlled to give en accurate count

interval. This ioterval waild typically fall in a range from 10 to 90

seconds using appropriate lite chopper coupling.
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6. When the -24 VDC is tuined off the transistor switch in the ro:or lite
circuit extinguisbes the rotor lite by cutting off power to R 3..P.-
Shockley diode Sh 2, however remains conducting due to its binary mezro.-y
which causes relay 1, and hence. relay Ry 2 to remain ceosd so trot
the stored rotor couat. vlwl be available for rend-u:. Operctions 2
through 6 occur simultaneously in ail current "etera.

7. Buoy now begins to Interrogate each cur:tnt meter indiviL-vally. Ea.t
current meter is equipped vlth a resonance reed relay tuned to a specific
frequency. A precisely tuned 12 V sudi,; tone to impressed on the i:ne
which activattes the resona,.ce reed relay 5 through 12 and T22 via m:e boa
position of the SCAX SWITCH. After a ahort delay determined -7 the
of C; and A13 the tranh:e.sr 113 ccrr.ct, activating Iyv 4. The cofr-sa
of 4 .4•. bhen closed ;.#:. -7.5 volts on t-. rctor MlI wbich drive# it

off its hose osittion. I,-e length of tti. aulto tone -- tontralled ST thbar
as the motor Soet of f tone position tte *vdic tone ia stopped so that: Ltline sill be clear for czont¢cci-4 r'e dat. bit* fro*t he scan sWv.t-h. ho.

!.PCt as tIe actor drives "o scr s~vxttri. f its bo, posi'son it :,oses
the 1-vro-su:tch SI vaa s v afflged to !h# noter ssaf:. To.s w:.- Futt

the -7.5 volts direttly on the motor .nd reasins ciosed until t0,4 scaor.n;
it coVP:Cte %+,4n It 558.0 op'en-s to . op tihe scan switch on Its hvon. position.

8. FPc.tlona I t'roubh 4 of th. scan switch are &let: pulses "•d are rnocko

directl to the -1.5 volt surply. Pouitions 5 through 6 are uode vosit-uts
used to 14entity the particular currert :tter. These fou.r bits ali,-w se

of up to 16 t.rreat atteri on one ooorite yr chco,,. *eppitatzo o-f :oOd
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The code bits are wired directly to the Plus and/or minus 7.5 volt

supplies dependtvg upon the code rord desired. While the scan svitca

is scanning positions I through 6 the motor shaft cams 1) turn on the

phocrar. povr asnd 2) tritger the flash tubes V1 and V2 locking the

vane an! rotor follower orientation in the photran memory circuit.

9. The scan switch cont.nues its one revolution picking off the 7 flip flop

outputs which yields a 7 bit straight binary nuer proportional to

current speed and the 7 compss bits 4ad finally the 7 vane follower

bhts. The 7 vane bits when compar64 to the 7 co=,ss bits yield the

magnetic sec of the current. Mhese last two 7 bit numbers are in Gray

binary and -Y be caow.sred as Gray directly or cc-.erted Individually

to straige : .&L.'ry. daciaal binary or maSneaIc or trus bearing and then

comared.

10. After reading the 32nd bit the photran power microsvitch is turned off

and a fourth wicrosvitch mentarliT opens the lockup circuit resetting

the Shockley diode S 2.

11. The scan switch returns to 'ho0o" and thb a•atr microsvitch SI opens

stopping the scan switch ob home snd fturning the currect meter to its

standby position. This standby position of the current *eter requires

only 2 IL cops of current from the contained supply.

12. The buoy circultry then repests steps 7 through 11 for the current meters

remalan.ng In the lite. The tire required for each Interrogation is

Appromxlctaly 10 seconds. Hence, the entire interrogation ti.e for 0

string of 10 current neatr. would bo 15 seconds + 10 x 10 secords * 115 seconds.

The program may tt= be repeated in its entirety or the buoy and current

meters may be left on standby until further Infortation is uesired.
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The current asters are provided with e--ougb battery power to

operate (to 1.2 volts/cell end point) once per bour for 1 year. 1The standby

life of the syston is equivalent to the shelf life of the batteries.

Forast

The frequency shift keying (FSK) method was chosen for its abilMty

to transmit loform,:ion over longer distances with less cha.nce of noise inter-

ference. The coding system etosse was pulse duration rodulstion QM(O) so that

7 bit binary number could be transmitted to such a way to give a quadrupally

:-,&zdaat code, i.e. the information can be derived from the received ig-Il

by four indeperdant decoders end compared with each other. If the four decoded

signals agree Chan the infaorAtion is taken as real. If gren---cemt Is not

complete them an tLempt is made to locate the source of disagreement (usually

a noise pip). If an obvi•u• source casoo: be found thtn the data is disregarded.

A further aid to choosing the correct data is a psrity bit transmitted at the

end of the last code word which tells the absolute muber of binary "mnes"

that were fed to the tr4nsmlItter. The overall usefulness of the systm is

enhanced if a decoding and monitoring system is operated in psre'lel with the

recen.er. In this ease, if the data is found to be untrustwortb7 the operator

Immediately rainterrogates the system In hopes that the disrupting source was

random and will not show up twice in succession.

The output of the current meter is shown In Figure IlA. This output,

whom transeitted received and discriminated, is sLown in Figure 118. 8y looking

at the expanded sectIon of Figure li one can see %her• the quadruple rdn c

arises. If the dlscl-z1Wted signal is cantere• about zero as -ndicstcd, the

four decoders say operate as follows:

I'I q l II~ ~l! 'll
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1) iistz decoder (integrator) detects signals between 5 and 7 •ints

long on positive side of zero.

2) second decoder dete:cts signals between 1 god 3 units lung on

POsitive side,

3) third decoder detects signals betvtee ; and 5 units on negative

sLide and

4) fourch dtcoder detects signals between 7 and 9 unIts long on
negative side. Coincidence circuits are not needed because tte program is
chroncoetrically coutrolled. Printout of the our- separate words "i.e. locetion,

rotor counts. cnn-ass and vane) Is triggered by s de...tcr which operstco on
tbe negative ride a"d activated by a ignal between 13 a2d 19 units lonA. The
ext.ra lon signal on f, is due tc the spaces between wordi• &a 3hown in Figure IIA.
Each code word begins iotb tte least significant bi: and tbe 'spaces" are used

for -. intou: to prene: crossovet of wore2 in cstv a bit is oissed.

Ot% cople-e c4rrent netr- :.4s been b.,Il: and tested on nonocorductor

tabie at sea aboard the R.V. C-AIh. Reading$s e tr aken at var )us depchs In
the G•i! $:hen during Prtch 1962. Sit difficult•es were encountered and 13
wore ,'ecers are being ma,uftetuted for use ti a soor-ng this autm..,n. The

readout systen described above is now being asnzonbled =4d w expect to bave tLe
entits system operational by !ie&sa p. Obviously, in tax-. 6--e of wark
there ate many possibit scurcts of trouble which ca=not " fore•,-c% .•nd thear
will likely be a number of modifications tbroesh..uc the systea before It beccos
reliable. We feel the cur-ent water its-If. because of previoug eperire•oe

with its prima•r toeo•nen:, will be an itccaistogly useful tool with only

minor change..
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